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Abstract
We present a model for a spacetime dependent cosmological constant, based on quantum aspects of
initial stage of the expansion of the Universe.
I. INTRODUCTION
As Weinberg states very convincingly: \We want to
explain why the eective cosmological constant is small
now, not why it was always small." In other words, we
are looking for a dynamical treatment of .
In the last years a proliferous series of papers dealing
with a time dependent cosmological constant appeared1.
The main reason for such interest is related to the possi-
bility to treat the vacuum dynamically, as it was required
for many inflationary scenarios. It is not surprising that
it has revealed a simpler task to provide a model for a
varying  than it was for the case of a constant one2. A
certain number of dierent models appeared. Almost all
of them deal with scalar-tensor theory of gravity. We can
quote, for instance [2] and references therein.
In the present paper we propose a distinct model for a
varying .
The evolution of the Universe has been proceeded most
classically. Some quantum eects might take place at
black holes [4], but there is no evidence of such phenom-
ena till now. It is then widely believed that cosmology is
essentialy a classical subject. However, in the begining
stage of the expansion of the Universe evolution, where
the matter content was formed just by elementary parti-
cles, probably quarks and leptons, immerse in a very hot
environment, it was much more quantum. Our purpose
in the present paper is an attempt to associate the origin
of not small cosmological constant to the initial quantum
scenario of the Universe.
On the other hand, it is widely accepted that a con-
sistent quantization of gravitation is one of the biggest
problem to be solved by theoretical physics. We circum-
vent this problem here by considering that just matter
elds are quantized, and propagate in a classical curved
background that also contains gauge elds [5].
II. THE MODEL
We consider a Lagrangian L given by3
L = Lmat + Y (G) (2.1)
where Y is a nonlinear function of an invariant quantity G
which is constructed in terms a gauge eld strenght Gµνa
of a given group G and its dual G∗µν
a = 12 µν
αβ Gαβ
a,
and αβµν is the completely antisymmetric Levi-Civita
tensor. For our purposes here there is no need to specify
the group and from now on we consider the Abelian case
for simplicity. So
G  G∗µν Gµν (2.2)
In order to obtain from this form of L the expression
of Tµν we have to vary the Lagrangian with respect to
gµν . The important property that we need is
 G = 1
2
G gµν gµν (2.3)
From this expression and using the denition of the
energy-momentum tensor in terms of variation of the













dG G − Y (2.6)
From this expression it follows that the eective La-
grangian contributes to the energy-momentum tensor
with a term that is proportional to the metric tensor
of the background geometry. This is interpreted, in the
Einstein General Relativity theory as a space-time de-
pendent cosmological constant.
Besides the ordinary interaction of matter with the
gauge eld A through a conserving current JµA the eld
can interact with axionic matter via
Lint = L(aG) (2.7)
This interaction will not aect the generation of a space-
time dependent cosmological \constant" but it do aects
its value.
III. A QUANTUM ORIGIN FOR Y
The essential idea can be described by considering the
following idealized situation. Let the universe be lled
with quantum (fermionic) matter elds  interacting
with external gauge elds Aµ and also with an strong





p−g  γµ(rµ − ieAµ) (3.1)
where γµ are the curved-space Dirac matrices, depending




eµa are the tetrad elds and satisfy the usual relations
eµae
a
ν = gµν (3.3)
The covariant derivative rµ acting on the spinorial eld
 means
rµ = (@µ + Γµ) (3.4)
where Γµ(x) = 12!µab
ab is the spin connection. Here,
ab are flat-space time matrices dened as ab =
1
4 [γ
a; γb]. The quantities !µab can be written in terms of
the tetrad elds by imposing that the covariant derivative





eνa (@µeνb − @νeµb + ecµeρb@ρeνc)− (a$ b)
i
(3.5)
We have not considered the mass of particles by virtue
of the high energies envolved in the initial stage of the
universe. Since there is no mass, the action (3.1), be-
sides gauge invariance, is also invariant by chiral gauge
transformation, namely
 (x) = −iγ5(x) (x) (3.6)
The chiral invariance is not mantained in the quantum
counterpart. For example, let us consider the vaccum
functional in the path integral formalism
Z =
Z
[d  ][d ] eiS (3.7)
The functional integration is just over  and  because
just the fermionic elds are considered to be quantum.
They evolve in a curved classical background that also
contain gauge elds. The chiral gauge invariance does
not mantain quantically because the measure [d  ][d ] is
not invariant. In fact, under the transformations (3.6) it
follows that [5]




d4x (x)µνρλGµνGρλ[d  ][d ]

(3.8)
It is opportune to observe that the factor
p−g has been
simplied. The quantity (3.8) leads to an eective action
given by





Now our goal will be to show that the axial anomaly term
can be the origin of a spacetime dependent cosmological
constant. Let us redene the gauge eld Aµ as
Aµ = Bµ  (3.10)
where  is considered to be some gauge invariant quan-
tity. In order to be consistent with the gauge transforma-






We now replace Aµ by Bµ into the expression (3.9).
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where total derivative terms were disregarded inside the
action. If ones conveniently takes  as G = GG∗, that is
in agreement with the gauge invariance condition for ,
we observe that the second term of (3.12) plays the role
of Y (G). So, the time dependence for the cosmological
constant is then achieved and it is related to the quantum
scenario of the initial evolution of the universe.
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1 See [1] for a review and for a large list of references on this
subject.
2 See [3] for a description of the different analysis of a con-
stant Λ.
3 For a question of simplification we shall consider just
Abelian gauge fields. The use of non-Abelian ones does
not change the physical results we intend to reach.
4 The interaction of the matter with the G-field is given
through a current Jµ
A but since it is conserved it does
not contribute to the total Tµν .
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